This paper offers a supply-side explanation of the variation in long-run growth and inequality across countries. In the model education simultaneously affects growth and income inequality. More human capital may increase or decrease growth but also measured inequality. In contrast to some recent contributions the paper uses consistently defined data showing that higher (within-country) inequality is associated with lower growth in rich countries, even when controlling for initial income, education or fertility. Furthermore, (rich) countries that have a more productive education sector appear to have lower inequality. It is argued that institutions and policies which generate more high-skilled people or enhance the productivity of the education sector may affect long-run income equality and growth in a positive way.
Introduction
For a long time economists have been interested in the question of how income inequality and growth are associated. Recent results indicate that there does not seem to be a robust relationship between inequality and growth within countries over time. However, based on compilations of inequality data from household surveys as e.g. by Deininger and Squire (1996) , it has been found that inequality varies substantially across countries. This paper argues that the cross-country variation can be explained well by different education policies or institutions. These links are analyzed in a theoretical model whose implications are then confronted with the empirical evidence.
One issue for the theory part is that human capital and education explain long-run patterns of growth very well. See, for instance, Lucas (1988) , Azariadis and Drazen (1990) , Barro (1991) , Mankiw, Romer, and Weil (1992) , Caballé and Santos (1993) , Benhabib and Spiegel (1994) , or Fernandez and Rogerson (1995) , (1996) , or Bénabou (1996a Bénabou ( ), (1996b .
Secondly, the link between distribution and growth is considered which has been analyzed in a vast number of contributions.
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Just to name a recent few suffice it to mention Galor and Zeira (1993) , Bertola (1993) , Alesina and Rodrik (1994) , Persson and Tabellini (1994) , García-Peñalosa (1995b) or Perotti (1996) . The consensus emerging from these studies is that inequality negatively affects growth.
However, based on Deininger and Squire's data set the consensus has recently been challenged by Deininger and Squire (1998) , Forbes (2000) , Barro (2000) and 1 For instance, Li, Squire, and Zou (1998) show for many countries that there is little variation in within country income dispersions over time. In contrast, Atkinson (1998) finds that for the G7 countries the income dispersions have changed significantly over time.
2 That literature is surveyed by e.g. Bénabou (1996b) , Bertola (1999) , or Aghion, Caroli, and García-Peñalosa (1999) .
others who find non-robust or even positive associations, suggesting that income inequality might be good for growth, especially in rich countries.
Clearly, any study of the relationship between inequality and growth has to address important methodological issues. For instance, is inequality referring to gross or net concepts of wealth or income? How is inequality measured and what properties does a measure (e.g. the often used Gini coefficient) have? Furthermore, one has to tackle causality and endogeneity problems. For instance, does inequality affect the composition of human capital which in turn affects growth?
Or does the composition affect inequality and/or growth? These sometimes difficult issues are discussed by all the empirical contributions mentioned but no clear consensus on methodology seems to hold.
In this context the present paper makes the following points: First, it is assumed that education simultaneously affects growth and (income) inequality.
Second, within a macro framework it is shown that the often used Gini coefficient generates certain predictions by construction which has adverse effects for testing any 'true' relationship. Third, using consistent income concepts for the measurement of inequality no positive association between (measured) income inequality and growth is found in the data used in this paper. Fourth, the paper discusses some sources of the cross-country differences in the composition of human capital.
In the model education simultaneously determines growth and inequality by assuming that human capital is 'lumpy' and can be identified with 'degrees'.
People are hired as high-skilled workers in the labour market only if they have obtained a degree. The source of income inequality lies in the production process, because high and low-skilled people are imperfect substitutes in production.
The government finances education by raising a tax on the resources (wealth) of all individuals and the percentage of high-skilled people in the population is directly related to the tax rate.
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Ex ante all agents are identical so that innate ability or initial wealth differences are not important in the set-up.The model ignores problems arising from the time spent receiving education by assuming that education is provided as a public good and that all people spend the same time in school, but attend different courses leading to different degrees.
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In equilibrium growth is positively related to human capital only up to a certain point, since the government takes resources away from the private sector in order to finance education, which reduces growth. On the other hand it generates more high-skilled people which exert a positive effect on production and income equality (in the sense of Generalized Lorenz Curve Dominance). However, for high growth taxes and so the number of high-skilled people must not be too high.
Equality in long-run incomes as well as growth (for a given human capital mix) are shown to depend positively on the productivity of the education sector.
An important feature of the model is that differences in human capital generally lead to ambiguous rankings of income inequality when the latter is measured by the often used Gini coefficient.
The model predicts for the long-run that (a) countries with relatively more high-skilled people have higher initial income and less gross income inequality, and (b) less inequality is associated with higher growth.
These predictions are then confronted with empirical evidence for the period 1960-90. In contrast to recent contributions the paper focuses on data from 3 Thus, even those who have not received education contribute to financing it. That is realistic in most public education systems and may be in the low-skilled people's interest as is e.g. shown by Johnson (1984) , or Creedy and Francois (1990) . Furthermore, governments have fiscal and institutional instruments other than direct provision of education at their disposal which have a significant bearing on the working of private education systems. For a discussion of public vs. private education see, for instance, Glomm and Ravikumar (1992) or Fernandez and Rogerson (1998) .
4 Opportunity costs of education might easily be introduced into the model by subtracting a fixed amount of happiness from a high-skilled person for having spent time in school. The paper's results would not change in that case. Deininger and Squire (1996) and the Luxembourg Income Study (LIS) which are based on consistent concepts for inequality measurement. The consistency requirement leads to small samples of relatively rich countries.
The model's predictions are then discussed in the context of simple crosscountry growth regressions.
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It turns out that when controlling for various factors including initial income, fertility or the composition of the labour force, income inequality as measured by the Gini coefficient is negatively associated with growth in rich countries. Furthermore, when controlling for various factors including initial income, inequality, or fertility an increase in the percentage of high-skilled people increases long-run growth across the paper's samples of rich countries.
These results raise the question what forces determine the labour force mix in production. Tinbergen (1975) , chpt. 6, has argued that there is a race between technological development and education so that differences in the human capital composition may be caused by the demand side of an economy (e.g. skill-biased technological change).
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However, contributions such as Katz and Murphy (1992) or Murphy, Riddel, and Romer (1998) provide evidence that the dominating forces at work are more likely to be supply driven. Therefore, in this paper the supply of education is taken to win Tinbergen's race in the long-run.
The data suggest that differences in the supply of human capital may account quite well for the observed differences in long-run performance and income inequality -at least in rich countries. These differences may be due to political 5 Following e.g. Caselli, Esquivel, and Lefort (1996) the results should be investigated in terms of dynamic panel data methods. These methods seem superior when analyzing growth, but, as argued by Barro (1997 ), p. 37, or Temple (1999 , p. 132, they may have their own problems. For that reason the paper discusses simple statistics whose properties may also be relevant for those methods.
6 Thus, the paper should be viewed as complementary to recent models along the lines of, for instance, Galor and Tsiddon (1997) , Acemoglu (1998 ), or Caselli (1999 . For empirical evidence on skill-biased technological change see e.g. Krusell, Ohanian, Ríos-Rull, and Violante (2000) , or Beaudry and Green (2000) decisions but also factors such as history, labour market conditions and other institutional arrangements.
The paper is organized as follows: Section 2 presents the theoretical model and derives testable predictions. Section 3 confronts the model with empirical evidence. Section 4 provides concluding remarks.
The Model
Consider an economy that is populated by N (large) members of two representative dynasties of infinitely lived individuals. The two dynasties are high-skilled workers, L h , and low-skilled workers, L l , where L h , L l denote the total numbers of the respective agents in each dynasty. The difference between high and lowskilled labour is "lumpy", that is, either an individual has received education certified in the form of a degree and is then considered high-skilled or it has no degree and remains in the low-skilled labour pool.
By assumption the population is stationary with L h ≡ xN and L l ≡ (1 − x)N where x denotes the percentage of high-skilled people in the population. Each worker supplies one unit of either high or low-skilled labour inelastically over time. All agents initially own an equal share of the total capital stock, which is held in the form of shares of many identical firms operating in a world of perfect competition. Thus, all agents receive wage and capital income and make investment decisions. Furthermore, aggregate output is produced according to
where K t denotes the aggregate capital stock including disembodied technological knowledge
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, H measures effective labour in production, and A t is a productivity index. The production function is a reduced form (see Appendix A.1) of the following relationship: By assumption effective labour depends on tasks requiring basic skills and tasks requiring high skills. These tasks are imperfect substitutes in production. On the other hand it is assumed that low and high-skilled people are perfect substitutes in performing basic tasks. Thus, high-skilled people always perform the tasks of low-skilled people in the model, but low-skilled people can never execute tasks that require a degree. Thus, each type of labour alone is not an essential input in production.
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The government runs a balanced budget, uses its tax revenues to finance public education and maintains a constant ratio of expenditure G t to its tax base.
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It taxes the agents' wealth holdings at a constant rate τ . The capital stock (wealth) of the representative agent is
Thus, real resources are taken from the private sector and used to finance public education, which generates high-skilled agents.
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In general, public education is 'produced' using government resources and other factors such as high-skilled labour itself. That is captured by the following 7 Thus, technological knowledge is taken to be a sort of capital good which is used to produce final output in combination with other factors of production. For an up-to-date discussion of these kinds of endogenous growth models see, for instance, Aghion and Howitt (1998) , chpt. 1.
8 Modelling production in this way relates to work that distinguishes between tasks performed for a given educational attainment of the labour force and education mixes for given tasks. See e.g. Tinbergen (1975), chpt. 5, and Lindbeck and Snower (1996) .
9 Capital taxes keep the analysis simple and are supposed to capture a broad class of tax arrangements, the aim of which is to channel public resources into education. For a similar approach in a different context see Alesina and Rodrik (1994) . Constancy is imposed in order to focus on long-run, time-consistent equilibria with steady state, balanced growth. 10 In the model agents are endowed by the same basic ability and receive basic education which is produced and provided costlessly. Education is always meant to be higher education. Ex ante everybody is a candidate for receiving (higher) education and once chosen to be in the education process will complete the degree. The education process is taken to be sufficiently productive in converting no skills into high-skills. Recently, Chiu (1998) has presented a model that studies the positive (causal) link from inequality to human capital accumulation and high growth. He attributes the source of inequality to innate ability differences and liquidity constraints. This paper focuses on a different, technology based link.
reduced form of the education technology x = τ where 0 < ≤ 1 , x τ > 0, and x τ τ ≤ 0.
(2)
Thus, if the government channels more resources into education, it will generate more high-skilled people. However, doing this generally becomes more difficult at the margin, as more resources provided to the education sector lead to a decreasing marginal product of those resources due to congestion or other effects.
The parameter measures the productivity of the education sector.
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If < 1, the education sector is productive and a marginal increase in taxes increases education output substantially. Underlying that is the description of an education sector with spillovers from, for instance, high-skilled to new high-skilled people or where the capital equipment such as computers makes the education technology very productive. For a justification of the set-up see Appendix A.2.
The Private Sector. There are as many identical firms as individuals and the firms face perfect competition and maximize profits. By assumption they are subject to knowledge spillovers, which take the form
with η ≥ α. Thus, the average stock of capital, which includes disembodied technological knowledge, is the source of a positive externality.
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Then simplify by setting η = α which allows one to concentrate on steady state behaviour. For a justification see Romer (1986) . As the firms cannot influence the externality, it does not enter 11 The reduced form directly relates the percentage of high-skilled people (x) to the percentage of resources (wealth) going into the education sector (τ ). Let pr denote the productivity of the education sector. Then pr = x τ = τ −1 , which is decreasing in for given policy. 12 Here the assumption is that regardless of the source of new ideas or blueprints production is undertaken so that all agents are affected relatively equally from knowledge spillovers. The results would not change if the externality depended on the entire capital stock instead.
their decision directly so that
The workers have logarithmic utility and own all the assets which are collateralized one-to-one by capital. A representative worker takes the paths of r, w h , w l , τ as given and solves
The worker's problem is standard and involves the following growth rate of the average high or low-skilled worker's consumption
Thus, consumption of all workers grows at the same rate in the optimum and depends on the after-tax return on capital. As the agents own the initial capital stock equally and have identical utility functions, their investment decisions are the same. But then the wealth distribution will not change over time and all agents continue to own equal shares of the total capital stock over time.
Market Equilibrium. For the rest of the paper normalize by setting N = 1 so that the factor rewards in (3) are given by
) and w l = αk t .
The return on capital is constant over time and wages grow with the capital stock.
As
), high-skilled labour receives a premium over what their low-skilled counterpart gets. That reflects the fact that the high-skilled may always perfectly substitute for low-skilled labour so that both types of agents receive the same wage w l for routine tasks and that performing high-skilled tasks is remunerated by the additional amount
. The premium depends on the percentage of high-skilled labour in the population, grows over time at the rate γ and is decreasing in x for a given capital stock.
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From the production function one immediately gets γ y = γ k so that per capita output and the capital-labour ratio grow at the same rate. With constant N total output also grows at the same rate as the aggregate capital stock. From (6) the consumption of the representative agent grows at γ. Each worker owns k 0 = K 0 N units of the initial capital stock. Equation (5) 
is constant as well, because from (7)
) and
13 Thus, the wage premium depends negatively on the number of high-skilled people, which captures an important and realistic aspect in the explanation of wage inequality. Notice that w l does not directly depend on x. It only does so indirectly through k t (x) in equilibrium. See Johnson (1984) . Hence, more human capital is taken to have a stronger immediate impact on the wages of the high-skilled than on the wages of the low-skilled. For empirical evidence on this see e.g. Büttner and Fitzenberger (1998) .
which implies γ k = γ. Thus, the economy is characterized by balanced growth in
Furthermore, from equation (5) and using γ k k =k and (6), (7) and τ = x 1 one
maximize growth, which is concave in x since for ≤ 1 and any
Thus, in the model it is possible that an economy has high-skilled workers, but does not do better than another economy with no high-skilled people. The effect of a change in the productivity of the education sector for a given x ∈ (0, 1) is given by
Hence, a reduction in , that is, making the education technology more productive, raises growth.
Lemma 1
The long-run growth rate γ satisfies the following properties:
Income Inequality. In the model all income differences are due to differences in wage income. As growth is often related to measures of gross income inequality, the paper concentrates on the distribution of gross (of tax) income. When one relates growth to income inequality one should look at an average of personal incomes over time. If the agents sold their income stream in a perfect capital market, they would discount their income stream by r − τ , that is, by the aftertax market rate of return on assets. As their gross income at any point in time is y it = w it + rk t , the present value of their lifetime incomes is
Thus, y d i denotes the sum of an individual's gross incomes discounted by the after-tax market rate of return on assets.
14 Notice y i0 = w i0 + rk 0 where
and that the mean of the discounted sum of incomes is then F will be preferred to G by any increasing, concave social welfare function according to Atkinson (1970) .
15
Second Order Stochastic Dominance is equivalent 14 Other income variables one may want to use are (gross) current income y it , detrended initial incomes y i0 , or capital adjusted incomes
. All of these concepts suffer from the problem that they do not fully reflect the path incomes follow.
15 Formally and for non-negative incomes, Second Order Stochastic Dominance requires A GLC dominates another one if the two curves do not cross and one is completely above the other one. In the figure the income distribution associated with x 1 > x GLC-dominates the income distribution for x, because an increase in x raises µ d and shifts the kink at B to B which is to the left and above GLC(x).
According to a theorem by Shorrocks (1983) every individualistic additively separable, symmetric, and inequality-averse social welfare function would prefer the GLC dominating income distribution. Hence, according to the GLC dominance criterion there exists a unanimous preference for the income distribution with the higher GLC. Even the high-skilled would prefer the distribution with a higher x under a veil of ignorance.
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G(y) in the sense of SOSD if over every interval [0, c] , the area under F (y) is never greater (and sometimes smaller) than the corresponding area under G(y). 16 Exactly the same holds for the distribution of detrended (initial) incomes y i0 and capital adjusted incomes
. It also holds if one works with current incomes y it and x ≤x. In that case an increase in x causes the new GLC to be everywhere above the old GLC for t > 0, Let I(x) be any inequality measure reflecting that a higher x leads to a GLC dominating income distribution. Then I(0) = I(1) = 0 < I(x) and dI dx < 0 for x ∈ (0, 1). Thus, according to I(x) and for the PV of lifetime gross incomes there is no measured inequality if all agents get the same wage and they are all either equally high or low-skilled. When there is any skill heterogeneity, producing more skills reduces inequality. Furthermore, as x = τ , a decrease in for a given policy would lower I(x).
Proposition 1 If there is heterogeneity in skills, an increase in the percentage of high-skilled people or an increase in the productivity of the education technology for given policy reduce inequality in the present value of lifetime (gross) incomes in the sense of Generalized Lorenz Curve Dominance.
Taking the Model to Data. In practice it is very difficult to calculate an agent's PV of lifetime gross income. Furthermore, it is usually difficult to find or to choose inequality measures satisfying certain desirable properties. One inequality measure that is frequently reported and employed in empirical research is the Gini coefficient, which measures the area between the Lorenz Curve and In the model the Gini coefficient for the PV of lifetime gross income, but also for current and capital adjusted gross income is given by
because the capital stock would be higher at each date and mean income would rise. However, if x >x it does not necessarily hold. For a welfare analysis when GLCs cross see Atkinson and Bourguignon (1987 For the model that raises an important point. Suppose the economies were identical except for their composition of human capital. Then countries with a higher x should have a higher mean and lower inequality in time-average incomes.
Proposition 1 was derived from the general notion of GLC Dominance. If one employs a measure like the Gini coefficient, one may find that countries with a higher x show up higher measured inequality, although long-run income inequality in those countries may actually be lower than in other countries.
In the model growth is a complicated non-linear function of x. However, part of this non-linearity can be separated out as
This is a useful expression for linear operationalizations of the model.
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A simple linear approximation dγ = ∂γ dx dx would require information on x only. However,
given that the 'true' relationship is highly non-linear, one may use the additional information on the overall non-linearity contained in the non-linear part G
It is not difficult to verify that , it is useful to use data for that variable, because one 17 Other operationalizations may follow from γ(x(τ, ), α, ρ). However, policies differ widely across countries and α, or ρ are difficult to measure so that x may be a good proxy for the underlying differences. As regards endogeneity Caselli, Esquivel, and Lefort (1996) argue that at a more abstract level, "... we wonder whether the very notion of exogenous variables is at all useful in a growth framework (the only exception is perhaps the morphological structure of a country's geography)." However, there may be other exceptions one may think of such as differences in willful actions, social fabrics, languages, or historical incidents. In the logic of this model such differences lead to different policies (τ ) and so human capital and growth.
would get a more informative linear approximation of γ(x).
In general, one would not know whether the Data Generating Mechanism for For these reasons 'spurious' correlations are analyzed and it is left an open question whether inequality as such has any independent 'causal' impact on growth. However, the present study also relates to work where G g is assumed not to be explained by x. With that in mind growth regressions of the form The latter would in general be a complicated, non-linear function of some underlying normally distributed error term, which one would have to know for hypothesis testing. However, here the focus is on the signs of point estimates and not on significance levels or other test statistics.
Empirical Evidence
The theoretical model implies that countries with relatively more high-skilled people have higher initial income and less gross income inequality over time. Less income inequality is in turn predicted to be (spuriously) associated with higher long-run growth. These implications are checked by analyzing simple correlations and simple cross-country growth regressions.
In the paper human capital is measured by the percentage of the labour force from 25 to 64 years of age which have attained at least upper secondary education.
Data for that variable are provided by the OECD for 1996 and 34 countries. It collapses the time series dimension into a single number by attaching weights to the human capital composition of different generations of all those who are economically active at a particular point in time and is taken to represent a longrun process which is approximated by its time-average over the sample period.
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Comparable data on income distributions for large samples of countries are rare and often do not satisfy minimum quality requirements.
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Two valuable sources that are often used are the data set compiled by Deininger and Squire (1996) (henceforth, D/S 96) and the Luxembourg Income Study (LIS). Although D/S 96 is a secondary data set which covers more countries than LIS, it has many problematic features that are discussed in detail by Atkinson and Brandolini (2001) . But in order to relate to research based on D/S 96 and since the focus here is on consistency, the Gini coefficients from both sources are used.
In an intertemporal framework one should measure inequality in long-run 18 Notice the binary nature of the variable. Breaking it down by age cohorts reveals for the population as a whole that in almost all countries the percentage of the population that has attained at least upper secondary education has risen over time. See the data appendix.
19 For instance, D/S 96 require as (minimum) standards of quality that the data be based on (1) actual observation of individual units drawn from household surveys, (2) a representative sample covering all of the population, and (3) comprehensive coverage of different income sources as well as population groups.
incomes. That would require calculating some form of time-average of incomes.
Gini coefficients of such averages for large samples of countries do not exist.
As an approximation one may take averages of Gini coefficients over time and interpret that average as the Gini coefficient of an average of income distributions at different dates. Here averages of Gini coefficients for each country are taken for the period 1960-90 and are meant to reflect long-run within-country inequality.
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The income and recipient concept employed here is gross income per household and it is strictly adhered to. The strict adherence results in small samples. In contrast, Deininger and Squire (1998), Forbes (2000) , Barro (2000) and others construct unadjusted inequality measures from D/S 96, that is, they construct 'average' Gini coefficients by taking averages of Gini coefficients based on gross or net income or adjusted (add 6 percentage points) Gini coefficients based on expenditure, each for individual or household income recipients, for each country and year according to some data quality criteria. That procedure may yield large samples, but a lot of important information is lost, making it very likely that their coefficients on inequality are biased upwards.
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Finally, long-run growth rates were calculated using the Penn World Table (Mark 5.6) from Summers and Heston (1991) . All the other data are taken from Barro and Lee (1994) . Together with the other sources this yields two small samples comprising of 21 countries based on D/S 96, resp. 13 countries based on LIS. Both samples consist of relatively rich countries.
Simple summary statistics for the two samples are reported in Table 2 . As one 20 Deininger and Squire (1998) also run their regressions on an average of Gini coefficients for the whole sample period. For the justification, which is satisfied here as well, see p. 268 of their paper. Most researchers restrict attention to initial positions and regress growth on a measure of initial income inequality. Notice, however, that in contrast to neo-classical growth theory, the income distribution usually determines growth at each point in time in endogenous growth models. Thus, growth is not predicted to depend just on the initial income distribution.
21 On the importance of income and recipient concepts in the measurement of inequality see, for instance, Atkinson (1983) , Lambert (1993 ), or Cowell (1995 . Small variability in intra-country Gini coefficients may have drastic effects on some groups' income and overall welfare. However, the variability in intercountry, time-average Gini coefficients is far greater. Table 1 presents simple correlations between the variables in both samples.
What is of interest here is that in the samples income inequality covaries negatively with the human capital composition and the education expenditure variables. Furthermore, growth covaries ambiguously with measured income inequality and negatively with human capital and education expenditure.
The latter property seems odd, as many studies find that human capital and more public resources for education affect long-run growth in a significantly positive way. See e.g. Barro (2000) , Table 1 . However, there are interesting exceptions. For example, Benhabib and Spiegel (1994) , Caselli, Esquivel, and Lefort (1996) , or Forbes (2000) sometimes report negative coefficients for the effect of (male) education on growth.
This model suggests that in samples with relatively high x's one may be on the downward sloping side of a concave relation between (costly) education and growth. Furthermore, the positive association between AIHG and growth in the D/S 96 sample may be due to the problems associated with their data.
An interesting feature of both samples is that fertility relatively strongly correlates negatively with SECL and positively with income inequality. That may suggest that countries where fertility is higher have less educated people and higher inequality. Of course, one may just as well take this as an indication that more education 'causes' lower fertility and less inequality.
Despite the fact that the required consistency for the inequality data yields small samples making statistical inferences very difficult, one might argue that simple correlations present a misleading picture of any 'true', cross-country relationship between long-run growth and other economic variables and that growth of GDP per capita is influenced by many different factors which should be controlled for.
For this reason the paper investigates simple growth regressions, but due to the few data points it concentrates on parsimonious models. Tables 3 to 6 indicate that, when controlling for upper secondary education, income inequality, initial income or fertility, tertiary education (TERL) and being a member country of the OECD would not significantly add to the 'explanation' of long-run growth.
Therefore, the paper focuses on measured inequality, SECL, LY60 and LAFERT.
Initial GDP is always found to be negatively associated with growth, which would corroborate the hypothesis of conditional convergence according to which initially poorer economies tend to have higher subsequent growth. From the model initially poorer countries have less human capital, a prediction that appears to be borne out by the data. (The simple correlations between LY60 and SECL are relatively strong in both samples.) Thus, LY60 depends positively on SECL and this endogeneity is usually ignored in growth regressions.
Furthermore, it turns out that when controlling for various factors including initial income or fertility 1. an increase in the human capital of the labour force typically raises an average economy's rate of growth.
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2. more gross income inequality is negatively correlated with long-run growth in all regressions, that is, the point estimates measuring the association between income inequality and growth are negative, although usually only weakly so.
The linear models investigated appear to 'explain' growth rather well. As an indication notice the relatively high R 2 s implying that omitted variable bias does not appear to be a big problem. Furthermore, the fact that some coefficients are statistically insignificant is most likely due to the small sample sizes implied 22 The few negative coefficients found on SECL can easily be attributed to an omitted variable bias. If one thinks inequality should play an in dependent role and any 'true' model should include LY60 as an explanatory variable and if the 'true' effect of initial income on growth is negative as most studies assume and show, then the estimated coefficient on SECL should be biased downwards.
by the consistency requirement. However, the signs of the point estimates are nevertheless economically important, especially in an intertemporal context. On the distinction between statistical and economic significance see e.g. McCloskey (1985) or McCloskey and Ziliak (1996) .
The second result is interesting because recent findings show that after controlling for many variables, including human capital and fertility, income inequality, measured by the Gini coefficients from D/S 96, is negatively associated with subsequent growth in countries with low initial income, whereas the association is positive for high initial income countries. See, for instance, Barro (2000) . As fertility is taken to be a robust control variable it is concluded that inequality is good for growth in rich countries.
In this paper both samples consist of relatively rich countries and adding fertility as a control variable does not change the negative sign of the point estimate on measured income inequality. Of course, fertility need not be viewed as exogenous. Indeed there may good reasons to believe that education is a determining factor of fertility. See e.g. Becker, Murphy, and Tamura (1990) or Rosenzweig (1990) and notice the relatively strong negative correlation between fertility and SECL in Table 1. Summarizing: Using data which are based on consistent measurement concepts it turns out that when controlling for factors such as initial income or fertility countries with a more skilled labour force or lower income inequality have higher long-run growth. This happens to be the case in all the regressions run. Thus, countries with lower inequality than the typical one appear to be doing better in terms of growth.
That raises the question why some economies have a more skilled labour force than others. One answer may be that they possess more productive education technologies or spend more on public education.
In this context the simple correlations in Table 1 provide some descriptively suggestive evidence: EDUPR proxies how productive public resources have been in generating more high-skilled people.
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In both samples countries with relatively unproductive education technologies (higher EDUPR) also seem to be those that have higher income inequality. This appears to be especially true for the non-OECD countries in the D/S 96 sample. Furthermore, there is an indication that countries that spend more on education (higher GEDU) have lower income inequality.
Concluding Remarks
The experience of high growth economies suggests that there is a link from education to income equality and growth. The paper provides a supply-driven explanation of how that link may operate across countries.
In the model education directly affects income inequality and growth. Due to technology, market imperfections or institutional restrictions, high-skilled workers contribute more to effective labour in production than their unskilled counterpart and they receive a wage premium which depends on how many of them are present in the economy. The government provides public education which produces human capital in the form of high-skilled people. It is shown that the productivity of the education sector positively affects growth and income equality. Furthermore, the model implies that countries with a more high-skilled labour force should exhibit lower inequality.
Using data, which are based on consistent concepts for the measurement of inequality, it is found that, when controlling for various factors such as initial income or fertility, long-run growth is higher for rich countries that (a) had a relatively more high-skilled labour force or (b) had lower income inequality as measured by the (time-average) Gini-coefficient. The data also suggest that countries with a more productive, public education technology exhibit lower income inequality. Therefore, the paper does not find an indication that higher income inequality is good for growth in rich countries.
Cross-country differences in education may be due to many things such as policy, history, labour market conditions, physical and human capital equipment used in schooling, laws, school financing (fees) etc. Furthermore, the differences may also reflect different demand conditions.
Untangling the precise demand-supply relationships between human capital, technology and institutions in the explanation of growth or inequality is interesting ongoing research and has been beyond the scope of this paper. These and other problems are left for future research. 
For ρ < 1 labour requiring basic skills (B) and labour requiring high skills (S) are imperfect (less than perfect) substitutes. For ease of calculations let ρ = α < 1 which yields equation (1). For a similar set-up in a different context see García-Peñalosa (1995a) .
A.2 Discrete Time Justification for x = τ
Equation (2) is compatible with many models that also use high-skilled labour as an input generating education. For instance, let h t denote the total stock of human capital in the economy in a discrete time model. Assume that human capital evolves according
where new human capital h t+1 is produced by non-increasing returns. Here human capital formation would depend on the level of the stock of knowledge h t , government resources provided for education G t and the tax base K t .
The function f (·) governs the evolution of human capital. Assume that it is separable
where β measures the productivity of the education sector and c(τ ) captures the efficiency or quality of education, depending on the government resources channelled into education. For a similar expression see, for example, Nerlove, Razin, Sadka, and von Weizsäcker (1993) eqn. (7), Glomm and Ravikumar (1992) eqns. (1), (2) and many others.
In the model human capital is carried discretely so h t = x t N . Normalize population by setting N = 1. Then total human capital at date t is given by x t . In steady statē x = x t = x t+1 and sox = c(τ ) 1 1−β . Next suppose that the efficiency of the education sector is described by c(τ ) = τ µ where 0 < µ < 0. For non-increasing returns to scale it is necessary that µ + β ≤ 1. Let µ 1−β ≡ then the more explicit set-up would be equivalent to (2) in steady state. Asx < 0, any increase would mean that less human capital is generated in steady state. From non-increasing returns to scale it follows that µ ≤ 1 − β so that ≤ 1. Hence, = 1 would represent a relatively unproductive human capital formation process.
A.3 The Gini Coefficient
A Lorenz Curves (LC) relates population shares to income shares. In the model total gross income is µN . Furthermore, L l = xN , L h = xN and mean income µ is increasing in x. The share of total gross income going to the low-skilled is s l ≡
so that the Lorenz curve looks like Figure 2 below.
The LC has a kink at the point A at which (1 − x) percent of the population receive s l percent of total income. From this one may calculate the Gini coefficient as where the expression in square brackets represents the area under the LC. Recall that w l = αk t and w h = αk t (1 + x α−1 ) so that gross mean income is given by µ = (1 −
Then the effect of an increase in x on G g depends on
For low x an increase in x raises G g , whereas for higher values of x a higher x reduces it. Hence, the Gini coefficient does not produce unambiguous rankings of the (gross) income distribution.
B Data Appendix Data Sources
• Barro and Lee (1994) . Web site: www.nber.org/data/.
• Summers and Heston (1991) : Penn World • OECD Education Database. Education at a Glance 1998, OECD, Paris.
• Deininger and Squire (1996) (2) in the text and has been proxied by ln(SECL/100) ln(GEDU/100)
. The starred countries' data are based on 'cs' and the unstarred ones are based on 'accept' Gini coefficients from Deininger and Squire (1996) . 
